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General Procedures. Unless otherwise stated, reactions were performed under a nitrogen 
atmosphere using freshly dried solvents. Tetrahydrofuran (THF), methylene chloride (CH2Cl2), 
acetonitrile (MeCN), dimethylformamide (DMF), and toluene (PhMe) were dried by passing 
through activated alumina columns. Unless otherwise stated, chemicals and reagents were used 
as received. Triethylamine (Et3N) was distilled over calcium hydride prior to use. All reactions 
were monitored by thin-layer chromatography using EMD/Merck silica gel 60 F254 pre-coated 
plates (0.25 mm) and were visualized by UV, p-anisaldehyde, or KMnO4 staining. Flash column 
chromatography was performed either as described by Still et al.31 using silica gel (partical size 
0.032-0.063) purchased from Silicycle or using pre-packaged RediSep®Rf columns on a 
CombiFlash Rf system (Teledyne ISCO Inc.). Optical rotations were measured on a Jasco P-
2000 polarimeter using a 100 mm path-length cell at 589 nm. 1H and 13C NMR spectra were 
recorded on a Varian 400 MR (at 400 MHz and 101 MHz, respectively), a Varian Inova 500 (at 
500 MHz and 126 MHz, respectively), or a Varian Inova 600 (at 600 MHz and 150 MHz, 
respectively), and are reported relative to internal CHCl3 (1H, ? = 7.26), MeCN (1H, ? = 1.94), or 
DMSO (1H, ? = 2.50), and CDCl3 (13C, ? = 77.0), MeCN (13C, ? = 118.26), or DMSO (13C, ? = 
40.0). Data for 1H NMR spectra are reported as follows: chemical shift (? ppm) (multiplicity, 
coupling constant (Hz), integration). Multiplicity and qualifier abbreviations are as follows: s = 
singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad, app = apparent. IR spectra 
were recorded on a Perkin Elmer Paragon 1000 spectrometer and are reported in frequency of 
absorption (cm–1). HRMS were acquired using an Agilent 6200 Series TOF with an Agilent 
G1978A Multimode source in electrospray ionization (ESI), atmospheric pressure chemical 
ionization (APCI), or mixed (MM) ionization mode. Analytical chiral HPLC was performed with 
an Agilent 1100 Series HPLC utilizing Chiralpak AD or Chiralcel OD-H columns (4.6 mm x 25 
S7 
cm) obtained from Daicel Chemical Industries, Ltd with visualization at 254 nm. Preparative 
HPLC was performed with an Agilent 1100 Series HPLC utilizing an Agilent Eclipse XDB-C18 
5µm column (9.4 x 250 mm) or an Agilent Zorbax RX-SIL 5µm column (9.4 x 250 mm). 
Melting points were determined using a Büchi B-545 capillary melting point apparatus and the 
values reported are uncorrected.  
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Experimental Procedures. 
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Preparation of pyrrolidine 11. 
Generation of brucin-OL catalyst solution: To a flame dried 2 L three neck round bottom 
flask was added brucin-OL (1.50 g, 3.50 mmol) and CuI (667 mg, 3.50 mmol). The solids were 
then evacuated under vacuum, backfilled under N2 atmosphere, cooled to 0 °C for 10 min, and 
then suspended in 74 mL of CHCl3 and stirred for 24 h at 0 °C. Note: brucin-OL was prepared 
according to the method of Oh and co-workers.32 
Generation of imine 15: In a separate 250 mL flame dried round bottom flask, ethyl glycinate 
hydrochloride (7.33 g, 52.5 mmol) and 20 g of MgSO4 were suspended in 70 mL of CHCl3. To 
the stirred suspension was added Et3N (7.3 mL, 52 mmol) and the mixture was allowed to stir for 
20 min after which trans-cinnamaldehyde (4.4 mL, 35 mmol) was added. After the mixture was 
stirred for an additional 1.5 h, the MgSO4 was removed by vacuum filtration, and the resulting 
solution was washed with H2O (5 x 70 mL) and 70 mL of sat. aq. brine solution. The combined 
organic layers were dried over MgSO4, filtered, and concentrated in vacuo. The resulting yellow-
green oil was dissolved in 35 mL of CHCl3 and cooled to 0 °C. 
(1, 3)-Dipolar cycloaddition reaction: Following generation of the catalyst for 24 h, 1,8-
diazabicycloundec-7-ene (520 µL, 3.5 mmol) was added to the brucin-OL catalyst suspension 
and it was allowed to stir for 15 min at 0 °C. To the resulting green solution was added t-butyl 
acrylate (7.7 mL, 53 mmol), followed by dropwise addition via cannula of the cooled solution of 
S9 
imine 15 in CHCl3 over approximately 15 min. The brown solution was allowed to stir at 0 °C 
for 24 h after which the reaction was diluted with EtOAc (700 mL), washed with 5% NH4OH 
solution (1 x 200 mL, followed by 2 x 100 mL), and sat. aq. Na2SO3 solution (2 x 100 mL), dried 
over Na2SO4, filtered, and concentrated in vacuo to yield a brown oil. Purification through silica 
gel flash chromatography (gradient elution, 9:1?1:1 hexanes–EtOAc with 0.5% Et3N) afforded 
6.07 g (50% yield) of 11 as a yellow oil (96% ee, as assessed by conversion to the corresponding 
methyl carbamate S-1). Note: On scale up, it was found that tert-butylcarbonyl (Boc) protection 
of pyrrolidine 11 to furnish S-2 resulted in less cumbersome chromatographic separations. t-
Butyl carbamate S-2 could subsequently be subjected to TFA, Et3SiH, DCM as described to 
yield trifluoroacetate salt 16 (vide infra). [?] D
25.0
 = +31.1° (c = 1.15, CHCl3); 1H NMR (500 
MHz, CDCl3) ? 7.36 – 7.33 (m, 2H), 7.32 – 7.27 (m, 2H), 7.24 – 7.19 (m, 1H), 6.59 (d, J = 15.8 
Hz, 1H), 6.18 (dd, J = 15.8, 7.7 Hz, 1H), 4.29 – 4.19 (m, 2H), 4.02 (dd, J = 7.6, 7.6 Hz, 1H), 
3.87 (dd, J = 8.4, 8.4 Hz, 1H), 3.11 (ddd, J = 7.6, 7.6, 7.6 Hz, 1H), 2.51 (s, 1H), 2.37 (ddd, J = 
13.2, 8.4, 7.8 Hz, 1H), 2.26 (ddd, J = 13.3, 8.2, 7.8 Hz, 1H), 1.33 (s, 9H), 1.30 (t, J = 7.1 Hz, 
3H); 13C NMR (126 MHz, CDCl3) ? 173.8, 171.6, 136.5, 131.9, 128.5, 127.6, 127.0, 126.4, 
80.9, 63.9, 61.1, 59.7, 49.6, 33.0, 28.0, 14.2; IR (NaCl/thin film): 2978, 1737, 1732, 1729, 1495, 
1478, 1450, 1392, 1367, 1248, 1210, 1151, 1030, 966, 847, 750, 693 cm–1; HRMS (Multimode-
ESI/APCI) calc’d for C20H28NO4 [M+H]+ 346.2013, found 346.2006. 
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Preparation of methyl carbamate S-1. 
In order to determine the enantiomeric excess of pyrrolidine 11, it was converted to methyl 
carbamate S-1. Pyrrolidine 11 (50.0 mg, 0.145 mmol) was dissolved in CH2Cl2 (1.5 mL) with 
stirring, and the resulting solution was treated with Et3N (61 µL, 0.44 mmol) followed by methyl 
chloroformate (17 µL, 0.22 mmol). After 2.5 h, the reaction mixture was quenched with 
saturated aqueous NaHCO3 (2 mL), the phases were separated, and the aqueous layer was further 
extracted with CH2Cl2 (2 x 2 mL). The combined organic layers were washed with brine (4 mL), 
dried over Na2SO4, filtered, and concentrated in vacuo. The resulting crude residue was purified 
via silica gel flash chromatography (isocratic elution, 4:1 hexanes–EtOAc) to afford methyl 
carbamate S-1 (38.6 mg, 66% yield) as a pale yellow oil.  [?] D
25.0 = +21.9° (c = 0.41, CHCl3); 1H 
NMR (500 MHz, CDCl3; compound exists as a 1.1:1 mixture of rotamers, the major rotamer is 
designated by *, minor rotamer denoted by §) ? 7.38 – 7.33 (m, 2H*, 2H§), 7.32 – 7.24 (m, 2H*, 
2H§), 7.24 – 7.17 (m, 1H*, 1H§), 6.80 (d, J = 15.7 Hz, 1H§), 6.74 (d, J = 15.7 Hz, 1H*), 6.16 
(dd, J = 16.1, 8.1 Hz, 1H*), 6.14 (dd, J = 16.3, 8.5 Hz, 1H§), 4.90 (t, J = 8.0 Hz, 1H§), 4.78 (t, J 
= 7.9 Hz, 1H*), 4.36 – 4.19 (m, 3H*, 3H§), 3.69 (s, 3H*), 3.67 (s, 3H§), 3.24 – 3.15 (m, 1H*, 
1H§), 2.49 – 2.30 (m, 2H*, 2H§), 1.36 (s, 9H*, 9H§), 1.30 (dd, J = 6.5 Hz, 6.5 Hz, 3H*, 3H§); 
13C NMR (126 MHz, CDCl3; compound exists as a mixture of rotamers) ? 172.1, 172.0, 168.6, 
168.6, 155.2, 154.3, 136.5, 136.4, 133.8, 133.4, 128.5, 128.3, 127.8, 127.6, 126.7, 126.6, 124.7, 
124.2, 81.6, 61.9, 61.3, 61.3, 61.2, 59.0, 58.7, 52.8, 52.7, 48.6, 47.8, 30.6, 29.7, 29.5, 28.1, 14.2, 
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14.2; IR (NaCl/thin film): 2978, 2928, 1748, 1733, 1716, 1698, 1454, 1446, 1385, 1370, 1288, 
1251, 1187, 1155, 1118, 1073, 1029, 962, 843, 752 cm–1; HRMS (Multimode-ESI/APCI) calc’d 
for C18H22NO6 [M–C4H8+H]+ 348.1442, found 348.1453 (detected fragment has undergone 
elimination of iso-butylene from the t-butyl ester); HPLC (Chiracel AD); 5% 
isopropanol/hexanes; flow rate = 1.0 mL/min; tr (major ent.) = 15.3 min, tr (minor ent.) = 21.4 
min. 
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Preparation of tert-butyl carbamate S-2. 
Although chromatographed pyrrolidine 11 was advanced directly to trifluoroacetate salt 16 on 
scales less than 20 g, on larger scale the chromatography of 11 became cumbersome. In order to 
simplify the purification process on >20 g scale, impure pyrrolidine 11 was converted to t-butyl 
carbamate S-2 (following initial silica gel chromatography as described above to remove excess 
reagents/major impurities). Impure pyrrolidine 11 (25.0 g, 72.4 mmol) was dissolved in CHCl3 
(220 mL) and di-tert-butyl dicarbonate (17.4 g, 79.7 mmol) was added with stirring. After 1 h, 
the reaction mixture was concentrated in vacuo. The resulting residue was purified via silica gel 
flash chromatography (isocratic elution, 7:1 hexanes:EtOAc) to afford tert-butyl carbamate S-2 
(30.6 g, 95% yield). [?] D
25.0 = +28.6° (c = 1.13, CHCl3); 1H NMR (500 MHz, CDCl3; compound 
exists as a mixture of rotamers) ? 7.34 (d, J = 7.5 Hz, 4H), 7.32 – 7.15 (m, 6H), 6.77 (d, J = 15.7 
Hz, 1H), 6.65 (d, J = 15.6 Hz, 1H), 6.14 (dd, J = 15.7, 8.2 Hz, 2H), 4.83 (dd, J = 8.0, 8.0 Hz, 
S12 
1H), 4.66 (dd, J = 8.2, 8.2 Hz, 1H), 4.30 – 4.13 (m, 6H), 3.24 – 3.13 (m, 2H), 2.44 – 2.29 (m, 
4H), 1.40 (s, 18H), 1.34 (s, 9H), 1.34 (s, 9H), 1.32 – 1.25 (m, 6H); 13C NMR (126 MHz, CDCl3; 
compound exists as a 1:1 mixture of rotamers) ? 172.5, 172.2, 168.8, 168.7, 153.7, 152.9, 146.7, 
136.6, 133.4, 133.3, 128.5, 128.3, 127.5, 127.4, 126.6, 126.3, 125.1, 124.7, 85.1, 81.4, 81.4, 80.4, 
80.3, 61.7, 61.2, 61.0, 59.0, 58.6, 48.3, 47.8, 30.4, 29.6, 28.3, 28.2, 28.0, 27.3, 14.2, 14.1; IR 
(NaCl/thin film): 2979, 2933, 1810, 1731, 1702, 1478, 1457, 1392, 1369, 1290, 1252, 1185, 
1119, 1076, 960, 847, 757, 694 cm–1; HRMS (Multimode-ESI/APCI) calc’d for C20H28NO4 [M–
C4H8–CO2+H]+ 346.2013, found 346.2019 (detected fragment has undergone elimination of iso-
butylene and CO2 from the Boc protecting group). S-2 could be subjected directly to 
trifluoroacetic acid (as described in the procedure below) to provide access to TFA salt 16. 
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Preparation of pyrrolidinium trifluoroacetate salt 16. 
Pyrrolidine 11 (5.43 g, 15.7 mmol) was dissolved in 56 mL of CH2Cl2 in a flame dried 250 mL 
round bottom flask. To the solution was added Et3SiH (12.5 mL, 78.5 mmol) followed by 
trifluoroacetic acid (23 mL) and the solution was allowed to stir overnight. The solution was then 
concentrated in vacuo, redissolved in CHCl3 and azeotroped (3x), and subsequently azeotroped 
from toluene (3x). Upon further addition of toluene and CHCl3, white crystals crashed out of 
solution and were isolated by vacuum filtration to afford 16. The mother liquor was concentrated 
in vacuo and crystallized further from toluene and CHCl3, producing additional crops of 16 (over 
several iterations). Further recrystallization from hot CHCl3 affords 4.87 g (77% yield) of 16 as a 
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white solid (>98% ee, as assessed by conversion to the methyl ester S-4 following protection as 
the trimethylsilylethyl carbamate, as described below). Note: t-butyl carbamate S-2 could also be 
subjected to the conditions described above to afford trifluoroacetate salt 16. [?] D
25.0 = –63.3° (c 
= 0.70, CHCl3); mp 108–111 °C; 1H NMR (500 MHz, CD3CN) ? 10.34 (s, 1H), 7.42 (dd, J = 
7.9, 1.5 Hz, 2H), 7.38 – 7.30 (m, 3H), 6.85 (d, J = 15.8 Hz, 1H), 6.28 (dd, J = 8.9, 15.8 Hz, 1H), 
4.66 – 4.60 (m, 2H), 4.20 – 4.30 (m, 2H), 3.36 (ddd, J = 7.3, 7.3, 4.2 Hz, 1H), 2.70 (ddd, J = 
14.0, 10.7, 7.5 Hz, 1H), 2.54 (ddd, J = 14.0, 5.7, 4.3 Hz, 1H), 1.25 (t, J = 7.1 Hz, 3H); 13C NMR 
(126 MHz, CD3CN) ? 173.8, 169.8, 161.8 (q, JC-F  = 35.1 Hz), 138.9, 136.3, 129.9, 129.8, 127.8, 
120.1, 117.6 (q, JC-F = 293.0 Hz), 65.1, 64.0, 58.9, 47.4, 31.6, 14.2; IR (NaCl/thin film): 3189, 
2981, 2913, 2730, 2532, 1726, 1661, 1652, 1565, 1474, 1436, 1251, 1189, 1137, 973, 798, 746, 
691 cm–1; HRMS (Multimode-ESI/APCI) calc’d for C16H20NO4 [M–C2O2F3]+ 290.1387, found 
290.1381 (detected cation does not include the trifluoroacetate counterion). 
 
>98% ee
Teoc-OSu, Et3N
H2O/dioxane
(83% yield)
Teoc =
OO
TMS
N
HO2C
CO2EtPh
H • TFA
16 S-3
N
HO2C
CO2EtPh
Teoc
 
Preparation of trimethylsilylethyl carbamate S-3. 
Trifluoroacetate salt 16 (7.93 g, 19.7 mmol) was suspended in 39 mL of H2O and 39 mL of 
dioxane in a 250 mL round bottom flask. 1-[2-(Trimethylsilyl)ethoxycarbonyloxy]pyrrolidin-2,5-
dione (7.64 g, 29.5 mmol) and Et3N (8.2 mL, 59 mmol) were added to the stirred suspension and 
the reaction mixture was allowed to stir overnight. The reaction mixture was then acidified with 
sat. aq. NaHSO4 solution, extracted with EtOAc (3x), dried over Na2SO4, filtered, and 
concentrated in vacuo to yield a faint yellow oil. Purification through silica gel flash 
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chromatography (isocratic elution, 30:1 CH2Cl2–MeOH) afforded 7.10 g of S-3 as a colorless oil 
(83% yield). [?] D
25.0 = –6.0° (c = 1.12, CHCl3); 1H NMR (500 MHz, CD3CN; compound exists 
as a mixture of rotamers) ? 7.39 – 7.31 (m, 4H), 7.28 – 7.24 (m, 1H), 6.80 (d, J = 15.8 Hz, 1H), 
6.17 (dd, J = 15.8, 7.5 Hz, 1H), 4.80 (dd, J = 7.3, 7.3 Hz, 1H), 4.32 – 4.23 (m, 1H), 4.23 – 4.15 
(m, 2H), 4.15 – 4.06 (m, 2H), 3.40 – 3.30 (m, 1H), 2.48 – 2.37 (m, 1H), 2.34 – 2.17 (m, 1H), 
1.29 – 1.23 (m, 3H), 0.98 – 0.89 (m, 2H), 0.02 and 0.00 (s, 9H); 13C NMR (126 MHz, CD3CN; 
compound exists as a mixture of rotamers) ? 173.4, 173.1, 171.3, 171.3, 155.7, 154.9, 137.7, 
133.7, 133.6, 129.7, 128.7, 127.3, 126.5, 126.4, 64.4, 64.3, 62.1, 62.0, 61.9, 61.7, 59.9, 59.7, 
48.0, 47.4, 31.4, 30.4, 18.3, 14.5, –1.5, –1.5; IR (NaCl/thin film): 3059, 2982, 2954, 2900, 1745, 
1705, 1668, 1404, 1349, 1284, 1250, 1186, 1114, 1075, 1061, 1038, 960, 860, 838, 740, 694 cm–
1; HRMS (Multimode-ESI/APCI) calc’d for C20H28NO6Si [M–C2H4+H]+ 406.1680, found 
406.1689 (detected fragment has undergone elimination of ethylene from the Teoc protecting 
group). 
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Preparation of methyl ester S-4. 
In order to determine the extent of enantioenrichment resulting from crystallization of 
trifluoroacetate salt 16, an aliquot of material was protected as the trimethylsilylethyl carbamate 
(S-3) as described above, then converted to methyl ester S-4. Carboxylic acid S-3 (18.1 mg, 41.7 
µmol) was dissolved in Et2O (0.42 mL) and cooled to 0 °C with stirring. A solution of 
S15 
diazomethane in Et2O was titrated into the reaction solution until a yellow color persisted. After 
5 min, excess diazomethane was quenched by dropwise addition of AcOH (until the yellow color 
no longer persisted). The resulting solution was diluted with Et2O (2 mL) and 10% aqueous 
K2CO3 (2 mL), the phases were separated, and the aqueous layer was further extracted with Et2O 
(2 x 2 mL). The combined organic layers were dried over MgSO4, filtered, and concentrated in 
vacuo to afford methyl ester S-4 (15.9 mg, 85% yield) as a clear, colorless oil. [?] D
25.0 = –5.9° (c 
= 0.87, CHCl3); 1H NMR (500 MHz, CD3CN; compound mixture of rotamers) ? 7.38 – 7.31 (m, 
4H), 7.28 – 7.24 (m, 1H), 6.76 (d, J = 15.8 Hz, 1H), 6.11 (dd, J = 15.8, 7.4 Hz, 1H), 4.79 (dd, J = 
7.8, 7.8 Hz, 1H), 4.33 – 4.24 (m, 1H), 4.24 – 4.15 (m, 2H), 4.15 – 4.06 (m, 2H), 3.59 (s, 3H), 
3.43 – 3.33 (m, 1H), 2.50 – 2.39 (m, 1H), 2.37 – 2.31 (m, 1H) 1.30 – 1.22 (m, 3H), 0.98 – 0.89 
(m, 2H), 0.01 and 0.00 (s, 9H); 13C NMR (126 MHz, CD3CN; compound exists as a mixture of 
rotamers) ? 173.4, 173.1, 171.2, 171.1, 155.7, 154.8, 137.6, 133.6, 133.5, 129.6, 128.8, 127.3, 
126.7, 64.4, 64.3, 62.3, 62.0, 61.9, 61.8, 60.0, 59.7, 52.5, 48.3, 47.7, 31.4, 30.4, 18.3, 14.5, –1.5, 
–1.6; IR (NaCl/thin film): 2952, 1740, 1701, 1451, 1409, 1374, 1343, 1285, 1250, 1186, 1109, 
1031, 860, 837, 750 cm–1; HRMS (Multimode-ESI/APCI) calc’d for C21H30NO6Si [M–C2H4+H]+ 
420.1837, found 420.1845 (detected fragment has undergone elimination of ethylene from the 
Teoc protecting group); HPLC (Chiracel OD); 5% isopropanol/hexanes; flow rate = 1.0 mL/min; 
tr (major ent.) = 21.6 min, tr (minor ent.) = 13.2 min. 
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Preparation of hydroxylactone 17. 
A solution of styrenyl carboxylic acid S-3 (1.93 g, 4.45 mmol) in 45 mL of CH2Cl2 was cooled 
to –78 °C in a flame dried three-neck round bottom flask. Ozone was bubbled through the cooled 
solution until the solution turned bright blue. The solution was then sparged with Oxygen (until 
the blue color no longer persisted), warmed to room temperature, and sparged with nitrogen for 
15 min, at which point dimethylsulfide (13.1 mL, 178 mmol) was added and the solution was 
stirred overnight. The pale yellow solution was then concentrated in vacuo to afford a pale 
yellow oil. Purification by silica gel flash chromatography (gradient elution, 20:1?10:1 
CH2Cl2–MeOH) afforded 1.49 g of 17 as a colorless oil (93% yield). [?] D
25.0 = –42.4° (c = 1.04, 
CHCl3); 1H NMR (400 MHz, DMSO, 60 °C) ? 7.69 (s, 1H), 5.72 (s, 1H), 4.43 (dd, J = 10.3, 1.3 
Hz, 1H), 4.22 (d, J = 7.3 Hz, 1H), 4.19 – 4.10 (m, 2H), 4.12 – 3.99 (m, 2H), 3.51 (dd, J = 8.1, 
8.1 Hz, 1H), 2.69 – 2.55 (m, 1H), 2.20 (d, J = 13.3 Hz, 1H), 1.16 (t, J = 7.1 Hz, 3H), 1.09 – 0.84 
(m, 2H), 0.03 (s, 9H); 13C NMR (101 MHz, DMSO, 60 °C) ? 176.6, 170.9, 153.4, 101.2 (br), 
100.5 (br), 65.1 (br), 64.8 (br), 63.2, 60.6, 58.7 (br), 58.5 (br), 58.4 (br), 42.8 (br), 41.8 (br), 31.0, 
30.9 (br), 30.0 (br), 28.0, 21.8, 17.1 (br), 13.5, 13.4, –1.8; IR (NaCl/thin film): 3380, 2957, 2901, 
1783, 1747, 1706, 1682, 1417, 1347, 1251, 1198, 1119, 1038, 944, 860, 839, 773, 696, 620 cm–1; 
HRMS (Multimode-ESI/APCI) calc’d for C15H24NO7Si [M–H]– 358.1328, found 358.1309. 
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Preparation of alkynyl lactone 18. 
S17 
To a flame dried 250 mL round bottom flask containing hydroxylactone 17 (2.69 g, 7.48 mmol) 
was added 37 mL of THF and the stirred solution was cooled to –78 °C. Ethynylmagnesium 
bromide (0.5 M solution in THF, 75.0 mL, 37.4 mmol) was added via syringe pump over one 
hour and the solution was then allowed to stir for five minutes at –78 °C before being warmed to 
0 °C and stirred for another 20 min. The reaction was then quenched with 20 mL of sat. aq. 
NaHCO3 solution and the reaction mixture was concentrated in vacuo. Following dilution with 
CH2Cl2 (500 mL) the mixture was acidified to pH = 2.5 with Na2HPO4/KHSO4 buffer (pH = 2.5, 
prepared from a 10% w/v aq. Na2HPO4 solution by acidification with KHSO4). The mixture was 
then further diluted with CH2Cl2 and NaCl was added to further saturate the aqueous phase. The 
phases were separated and the aqueous layer was washed twice with CH2Cl2. The combined 
organic layers were then dried over Na2SO4, filtered, and concentrated in vacuo to a volume of 
300 mL (~0.025 M solution, achieved by marking the flask for the desired volume prior to use). 
The solution was then cooled to 0 °C and triphenylphosphine (5.88 g, 22.4 mmol) was added 
and allowed to stir for 10 min. Diisopropylazodicarboxylate (3.0 mL, 15 mmol) was then added 
to the reaction and it was allowed to stir while warming to room temperature overnight. The 
orange solution was then concentrated in vacuo to yield an orange oil. Purification by silica gel 
flash chromatography (gradient elution, 3:1?1:1 hexanes–EtOAc) afforded 18 as a colorless oil 
in 76% yield (2.08 g). [?] D
25.0 = –73.0° (c = 1.01, CHCl3); 1H NMR (500 MHz, CDCl3; 
compound exists as a 1:1 mixture of rotamers) ? 5.33 (dd, J = 5.7, 2.0 Hz, 1H), 5.29 (dd, J = 5.7, 
2.0 Hz, 1H), 4.96 (dd, J = 8.0, 6.1 Hz, 1H), 4.85 (dd, J = 8.0, 6.1 Hz, 1H), 4.61 (d, J = 8.7 Hz, 
1H), 4.56 (d, J = 9.0 Hz, 1H), 4.27 – 4.06 (m, 4H), 4.14 (q, J = 7.2 Hz, 4H), 3.40 – 3.32 (m, 2H), 
2.65 (d, J = 2.0 Hz, 1H), 2.60 (d, J = 2.0 Hz, 1H), 2.56 – 2.41 (m, 4H), 1.29 – 1.19 (m, 6H), 1.04 
S18 
– 0.91 (m, 4H), 0.01 (s, 9H), 0.00 (s, 9H); 13C NMR (126 MHz, CDCl3; compound exists as a 
mixture of rotamers) ? 175.5, 175.3, 170.7, 154.7, 154.3, 77.8, 77.7, 76.0, 75.8, 73.0, 72.9, 64.5, 
64.3, 61.6, 61.0, 60.2, 59.8, 59.6, 44.4, 43.5, 32.0, 31.2, 17.6, 17.6, 13.8, –1.6; IR (NaCl/thin 
film): 3262, 2955, 2900, 2132, 1782, 1741, 1706, 1455, 1407, 1349, 1283, 1250, 1190, 1163, 
1118, 1042, 1014, 978, 938, 861, 839, 765 cm–1; HRMS (Multimode-ESI/APCI) calc’d for 
C15H22NO6Si [M–C2H4+H]+ 340.1211, found 340.1192 (detected fragment has undergone 
elimination of ethylene from the Teoc protecting group). 
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Preparation of alkynyl lactone 13-epi-18. 
To a stirred solution of hydroxylactone 17 (12.0 mg, 33.4 µmol) in 0.17 mL of THF at –78 °C 
was added ethynylmagnesium bromide (0.5 M solution in THF, 0.33 mL, 0.167 mmol) dropwise. 
The solution was then allowed to stir for five minutes at –78 °C before being warmed to 0 °C and 
stirred for another 15 min. The reaction was then quenched with 0.5 mL of 1M aq. HCl solution 
and the reaction mixture was concentrated in vacuo. The resulting aqueous mixture was saturated 
with NaCl and extracted with EtOAc (5x), and the combined organic layers were dried over 
Na2SO4, filtered, and concentrated in vacuo. The crude material (~5:1 dr by 1H NMR) was 
purified by silica gel flash chromatography (gradient elution, 2:1?1:1 hexanes–EtOAc) to afford 
alkynyl lactones 13-epi-18 (8.5 mg, 69% yield) and 18 (1.6 mg, 13% yield). NOTE: The relative 
configuration of the propargylic stereocenter of 13-epi-18 was initially assigned by analogy to 
S19 
the related alkynyl lactone S-5, which was synthesized via a similar sequence and was in turn 
assigned based on single crystal X-ray diffraction data (vide infra).  
 
Alkynyl lactone 13-epi-18. 
 [?] D
25.0 = –13.5° (c = 0.42, CHCl3); 1H NMR (500 MHz, CDCl3; compound exists as a 1.3:1 
mixture of rotamers, the major rotamer is designated by *, minor rotamer denoted by §) ? 5.46 – 
5.44 (m, 1H*), 5.35 – 5.33 (m, 1H§), 4.68 (d, J = 7.4 Hz, 1H*), 4.62 (d, J = 7.6 Hz, 1H§), 4.59 – 
4.53 (m, 1H§), 4.49 – 4.42 (m, 1H*), 4.31 – 4.10 (m, 4H*, 4H§), 3.44 – 3.36 (m, 1H*, 1H§), 2.70 
(d, J = 2.4 Hz, 1H§), 2.70 (d, J = 2.4 Hz, 1H*), 2.62 – 2.49 (m, 2H*, 2H§), 1.25 (t, J = 7.1 Hz, 
3H*, 3H§), 1.10 – 1.04 (m, 2H§), 1.00 – 0.94 (m, 2H*), 0.06 (s, 9H§), 0.02 (s, 9H*); 13C NMR 
(126 MHz, CDCl3; compound exists as a mixture of rotamers) ? 176.1, 175.8, 171.1, 171.0, 
154.1, 153.7, 78.6, 78.5, 76.9, 76.8, 73.8, 73.0, 65.2, 64.9, 64.7, 64.5, 62.0, 62.0, 59.1, 58.8, 43.4, 
42.4, 31.7, 30.9, 17.8, 13.8, –1.5, –1.6; IR (NaCl/thin film): 3260, 2956, 2900, 2125, 1788, 1744, 
1703, 1457, 1410, 1354, 1290, 1250, 1200, 1146, 1117, 1057, 1035, 970, 941, 861, 839, 772 cm–
1; HRMS (Multimode-ESI/APCI) calc’d for  C17H24NO6Si [M–H]– 366.1378, found 366.1400. 
 
N
O
O
CO2Me
H
H
CO2Et
S-5
 
Alkynyl lactone S-5. 
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1H NMR (500 MHz, CDCl3; compound exists as a 1.4:1 mixture of rotamers, the major rotamer 
is designated by *, minor rotamer denoted by §) ? 5.42 (d, J = 2.0 Hz, 1H*), 5.30 (d, J = 1.3 Hz, 
1H§), 4.68 (d, J = 7.8 Hz, 1H*), 4.61 (d, J = 7.3 Hz, 1H§), 4.58 – 4.54 (m, 1H§), 4.47 – 4.42 (m, 
1H*), 4.21 – 4.08 (m, 2H*, 2H§), 3.80 (s, 3H§), 3.71 (s, 3H*), 3.44 – 3.34 (m, 1H*, 1H§), 2.71 – 
2.69 (m, 1H*, 1H§), 2.62 – 2.49 (m, 2H*, 2H§), 1.24 (t, J = 7.1 Hz, 3H*, 3H§); 13C NMR (126 
MHz, CDCl3; compound exists as mixture of rotamers) ? 176.0, 175.7, 170.9, 154.4, 154.0, 78.5, 
78.4, 76.9, 73.6, 72.9, 65.3, 64.6, 62.0, 59.2, 58.8, 53.4, 53.2, 43.4, 42.4, 31.7, 30.8, 13.8; IR 
(NaCl/thin film): 3263, 2961, 2125, 1784, 1742, 1709, 1451, 1386, 1348, 1292, 1248, 1200, 
1147, 1126, 1021, 977, 950, 773 cm–1; HRMS (Multimode-ESI/APCI) calc’d for C13H16NO6 
[M+H]+ 282.0972, found 282.0967. 
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Preparation of diol 19. 
To a flame dried 500 mL round bottom flask equipped with alkynyl lactone 18 (4.84 g, 13.2 
mmol) dissolved in 264 mL of EtOH, sodium borohydride (2.00 g, 52.8 mmol) was added and 
the reaction was stirred vigorously. Following completion of the reaction as judged by TLC 
(~1.75 h), the reaction was cooled to 0 °C and quenched carefully with 250 mL of 1N aq. HCl. 
The solution was then saturated with NaCl, diluted with CHCl3, and extracted (1 x 500 mL, then 
2 x 250 mL). The aqueous layer was then extracted with EtOAc (3 x 250 mL), and the combined 
organic layers were dried over Na2SO4, filtered, and concentrated in vacuo. Purification through 
silica gel flash chromatography (gradient elution, 2:1?1:1 hexanes–EtOAc) afforded 19 as a 
S21 
colorless oil in 86% yield (4.20 g). [?] D
25.0 = +8.0° (c = 1.22, CHCl3); 1H NMR (500 MHz, 
CD3CN; compound exists as a mixture of rotamers) ? 4.56 – 4.41 (m, 2H), 4.30 (dd, J = 9.8, 8.3 
Hz, 1H), 4.23 – 4.05 (m, 5H), 3.93 – 3.75 (m, 1H), 3.64 (ddd, J = 11.2, 6.0, 6.0 Hz, 1H), 3.23 – 
3.10 (m, 1H), 2.72 – 2.62 (m, 1H), 2.62 – 2.51 (m, 1H), 2.34 – 2.25 (m, 1H), 2.04 – 1.84 (m, 
1H), 1.24 (t, J = 7.1 Hz, 3H), 1.06 – 0.89 (m, 2H), 0.03 (s, 9H); 13C NMR (126 MHz, CD3CN; 
compound exists as a mixture of rotamers) ? 175.8, 175.1, 156.7, 156.4, 84.9, 75.5 (br), 75.4 (br), 
65.0, 64.3 (br), 63.6 (br), 62.6 (br), 62.3 (br), 61.4, 60.6 (br), 60.2 (br), 45.3, 44.6, 33.3, 32.3, 
18.3, 14.5, –1.5; IR (NaCl/thin film): 3422, 3307, 2953, 2898, 2114, 1718, 1701, 1406, 1348, 
1314, 1250, 1198, 1171, 1041, 1006, 860, 838 cm–1; HRMS (Multimode-ESI/APCI) calc’d for 
C15H26NO6Si [M–C2H4+H]+ 344.1524, found 344.1535 (detected fragment has undergone 
elimination of ethylene from the Teoc protecting group).  
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Preparation of bis(tert-butyldimethylsilyl) ether S-6. 
To a flame dried 250 mL round bottom flask equipped with diol 19 (4.20 g, 11.3 mmol) was 
added 113 mL of CH2Cl2 and the solution was cooled to 0 °C with stirring. Following addition of 
2,6-lutidine (6.5 mL, 56 mmol), tert-butyldimethylsilyl trifluoromethanesulfonate (6.5 mL, 28 
S22 
mmol) was added dropwise to the reaction. Upon completion of the reaction as judged by TLC 
(~1.5 h), the reaction was quenched with 3.0 mL of MeOH and 300 mL of sat. aq. NaHCO3 
solution was added. The mixture was then washed with CH2Cl2 (3 x 300 mL), and the organics 
were dried over Na2SO4, filtered, and concentrated in vacuo to yield a faint yellow oil. 
Purification through silica gel flash chromatography (gradient elution, 16:1?12:1 hexanes–
EtOAc) afforded 5.75 g of S-6 as a colorless oil (85% yield). [?] D
25.0 = –11.5° (c = 1.19, CHCl3); 
1H NMR (500 MHz, CD3CN; compound exists as a 1:1 mixture of rotamers) ? 4.78 (dd, J = 4.2, 
2.3 Hz, 1H), 4.72 (dd, J = 4.1, 2.2 Hz, 1H), 4.21 – 4.01 (m, 14H), 3.91 (dd, J = 8.0, 4.2 Hz, 1H), 
3.90 (dd, J = 8.0, 4.0 Hz, 1H), 2.68 (br d, J = 2.4 Hz, 2H), 2.61 – 2.50 (m, 2H), 2.44 – 2.25 (m, 
2H), 1.22 (t, J = 6.7 Hz, 3H), 1.21 (t, J = 6.7 Hz, 3H), 1.07 – 0.97 (m, 2H), 0.91 (s, 18H), 0.90 
(s, 18H), 0.95 – 0.86 (m, 2H), 0.14 (br s, 6H), 0.13 (s, 6H), 0.05 (s, 12H), 0.03 (s, 9H), 0.03 (s, 
9H); 13C NMR (126 MHz, CD3CN; compound exists as a mixture of rotamers) ? 172.6, 172.2, 
156.3, 84.9, 84.9, 77.3, 77.2, 64.7, 64.5, 64.5, 64.1, 63.9, 63.1, 61.5, 61.3, 60.7, 60.4, 45.7, 44.9, 
34.6, 33.5, 26.5, 26.2, 19.1, 18.8, 18.7, 18.4, 14.7, –1.3, –4.4, –4.5, –4.8, –4.9, –4.9, –5.0; IR 
(NaCl/thin film): 3312, 3257, 2955, 2931, 2895, 2858, 2114, 1762, 1736, 1706, 1472, 1406, 
1351, 1252, 1185, 1126, 1079, 839, 778 cm–1; HRMS (Multimode-ESI/APCI) calc’d for 
C27H54NO6Si3 [M–C2H4+H]+ 572.3253, found 572.3254 (detected fragment has undergone 
elimination of ethylene from the Teoc protecting group). 
 
N
Teoc
CO2Et
TBSO
TBSO
AcOH, THF, H2O
(3:1:1) 
(79% yield) N
Teoc
CO2Et
HO
TBSOH H
S-6 20  
S23 
Preparation of primary alcohol 20. 
To a 250 mL round bottom flask equipped with bis(tert-butyldimethylsilyl) ether S-6 (1.00 g, 
1.67 mmol) was added 22 mL of a 1:1 mixture of THF:H2O and 33 mL of acetic acid. The 
reaction was monitored by TLC for disappearance of starting material and conversion to 
mono(tert-butyldimethylsilyl) ether 20 (with minimal formation of diol 19). After 6 h, the 
reaction was cooled to 0 °C and quenched dropwise with 520 mL of 1N aq. NaOH (vigorous 
bubbling occurs initially) and excess sat. aq. NaHCO3 solution until the reaction stops bubbling. 
The reaction was then extracted with CHCl3 (3x) followed by EtOAc (3x), and the combined 
organic layers were dried over Na2SO4, filtered, and concentrated in vacuo. Purification through 
silica gel flash chromatography (gradient elution, 16:1?1:1 hexanes–EtOAc) afforded 20 as a 
colorless oil in 79% yield (637 mg). [?] D
25.0 = –12.4° (c = 1.22, CHCl3); 1H NMR (500 MHz, 
CD3CN; compound exists as a 1:1 mixture of rotamers) ? 4.85 (dd, J = 3.1, 3.1 Hz, 1H), 4.77 
(dd, J = 2.9, 2.9 Hz, 1H), 4.23 – 4.04 (m, 12H), 4.01 – 3.91 (m, 2H), 3.72 (dd, J = 11.5, 7.1 Hz, 
2H), 3.13 (br s, 2H), 2.73 (d, J = 2.3 Hz, 1H), 2.72 (d, J = 2.3 Hz, 1H), 2.65 – 2.55 (m, 2H), 2.30 
– 2.22 (m, 4H), 1.22 (t, J = 6.9 Hz, 3H), 1.20 (t, J = 6.9 Hz, 3H), 1.09 – 0.96 (m, 2H), 0.92 (s, 
18H), 0.18 (s, 12H), 0.18 (s, 12H), 0.03 (s, 18H), 0.03 (s, 18H); 13C NMR (126 MHz, CD3CN; 
compound exists as a mixture of rotamers) ? 172.5, 172.1, 156.3, 84.5, 77.8, 77.7, 64.9, 64.6, 
64.6, 64.3, 64.2, 63.4, 61.6, 61.5, 61.4, 60.6, 60.3, 46.0, 45.2, 33.4, 32.4, 26.3, 18.9, 18.8, 18.4, 
14.8, –1.3, –4.4, –4.5, –4.8, –4.9; IR (NaCl/thin film): 3503, 3254, 2954, 2896, 2857, 2113, 1759, 
1734, 1704, 1472, 1405, 1348, 1251, 1185, 1042, 838, 780 cm–1; HRMS (Multimode-ESI/APCI) 
calc’d for C21H40NO6Si2 [M–C2H4+H]+ 458.2389, found 458.2412 (detected fragment has 
undergone elimination of ethylene from the Teoc protecting group). 
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Preparation of aldehyde 10. 
To a 250 mL round bottom flask equipped with primary alcohol 20 (2.29 g, 4.71 mmol) 
dissolved in 47 mL of CH2Cl2 (bulk solvent, not dried), was added pyridine (3.8 mL, 47.1 mmol), 
and Dess–Martin periodinane33 (4.00 g, 9.42 mmol), and the cloudy white suspension was stirred 
vigorously. After 3.5 h, the reaction was quenched with sat. aq. Na2S2O3 solution (50 mL) and 
sat. aq. NaHCO3 solution (50 mL), diluted with EtOAc (50 mL), and stirred vigorously for an 
additional 20 min. The layers were then separated and the aqueous layer was washed with 
EtOAc (3 x 100 mL). The combined organics were washed with sat. aq. NaHCO3 solution (400 
mL), dried over Na2SO4, and concentrated in vacuo. Purification through silica gel flash 
chromatography (gradient elution, 8:1?4:1 hexanes–EtOAc) afforded 10 as a white oil in 93% 
yield (2.11 g). [?] D
25.0 = –35.2° (c = 1.18, CHCl3); 1H NMR (500 MHz, CD3CN; compound 
exists as a 1:1 mixture of rotamers) ? 9.98 (s, 1H), 9.95 (s, 1H), 4.87 (br s, 1H), 4.82 (br s, 1H), 
4.33 (dd, J = 8.7, 4.5 Hz, 2H), 4.29 – 4.22 (m, 2H), 4.21 – 4.08 (m, 8H), 3.25 – 3.17 (m, 2H), 
2.77 (ddd, J = 11.4, 11.4, 11.4 Hz, 2H), 2.69 (s, 2H), 2.34 – 2.26 (m, 4H), 1.23 (t, J = 5.7 Hz, 
3H), 1.22 (t, J = 5.7 Hz, 3H), 1.07 – 0.99 (m, 2H), 0.98 – 0.85 (m, 2H), 0.89 (s, 18H), 0.14 (s, 
12H), 0.04 (s, 9H), 0.03 (s, 9H); 13C NMR (126 MHz, CD3CN; compound exists as a mixture of 
rotamers) ? 199.4, 199.3, 172.1, 171.7, 156.2, 156.1, 83.7, 78.0, 77.9, 65.3, 64.8, 64.7, 64.6, 
63.9, 63.3, 61.7, 61.6, 60.4, 60.1, 53.9, 53.2, 30.7, 29.7, 26.0, 18.8, 18.7, 18.3, 14.6, –1.5, –4.6, –
S25 
4.7, –5.0, –5.0; IR (NaCl/thin film): 3262, 2954, 2930, 2897, 2857, 2116, 1758, 1706, 1472, 
1405, 1348, 1251, 1188, 1079, 838, 779 cm–1; HRMS (Multimode-ESI/APCI) calc’d for 
C21H38NO6Si2 [M–C2H4+H]+ 456.2232, found 456.2242 (detected fragment has undergone 
elimination of ethylene from the Teoc protecting group). 
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Preparation of chlorohydrin 21.  
To a solution of aldehyde 10 (2.11 g, 4.36 mmol) in CH2Cl2 (87 mL, bulk solvent, not dried) was 
added pyrrolidinium trifluoroacetate (1.61 g, 8.72 mmol) followed by N-chlorosuccinimide (1.46 
g, 10.9 mmol). The resulting solution was stirred under an air atmosphere for 30 h, and was 
subsequently diluted with EtOH (120 mL) and treated with NaBH4 (1.65 g, 43.6 mmol). After 
1.5 h, the reaction mixture was cooled to 0 °C and carefully quenched with 1M aq. HCl (200 
mL). The resulting mixture was saturated with NaCl, then extracted with CHCl3 (3 x 200 mL) 
followed by EtOAc (200 mL). The combined organic layers were washed with brine (400 mL), 
dried over Na2SO4, filtered and concentrated in vacuo to provide the crude product, which was 
purified by silica gel flash chromatography (gradient elution, 12:1?6:1 hexanes–EtOAc) to 
afford chlorohydrin 21 (2.11 g, 93% yield) as a clear, colorless oil. [?] D
25.0 = –8.2° (c = 0.98, 
CHCl3); 1H NMR (500 MHz, CDCl3; compound exists as a 1.25:1 mixture of rotamers, the major 
rotamer is designated by *, minor rotamer denoted by §) ? 4.96 (dd, J = 4.3, 2.3 Hz, 1H*), 4.85 
(dd, J = 4.2, 2.3 Hz, 1H§), 4.64 (dd, J = 10.6, 7.4 Hz, 1H§), 4.56 (dd, J = 10.6, 7.1 Hz, 1H*), 4.38 
(ddd, J = 13.3, 13.3, 4.1 Hz, 1H*, 1H§), 4.32 (dd, J = 4.4, 1.3 Hz, 1H*), 4.27 (m, 1H§), 4.26 – 
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4.11 (m, 3H*, 3H§), 3.96 – 3.88 (m, 1H*, 1H§), 3.53 (dd, J = 10.8, 4.3 Hz, 1H*), 3.42 (dd, J = 
10.7, 4.4 Hz, 1H§), 2.90 – 2.81 (m, 1H*, 1H§), 2.55 – 2.47 (m, 2H*, 2H§), 1.25 (t, J = 7.0, 3H*), 
1.25 (t, J = 7.0, 3H§), 1.04 – 0.91 (m, 2H*, 2H§), 0.93 (s, 9H*, 9H§), 0.21 (3H*), 0.21 (3H*), 
0.19 (3H§), 0.19 (3H§), 0.03 (s, 9H§), 0.01 (s, 9H*); 13C NMR (126 MHz, CDCl3; compound 
exists as a mixture of rotamers) ? 170.7, 170.3, 155.3, 155.1, 81.7, 81.4, 80.4, 79.5, 77.2, 76.8 
(obscured by CDCl3 signal, observable by acquiring spectrum in CD2Cl2), 73.1, 72.6, 65.8, 64.6, 
64.5, 63.9, 63.1, 61.1, 61.0, 58.4, 58.1, 40.9, 39.8, 25.6, 18.0, 18.0, 17.5, 14.2, 14.1, –1.6, –1.6, –
5.0, –5.2, –5.4, –5.4; IR (NaCl/thin film): 3494, 3309, 3255, 2955, 2931, 2898, 2859, 2113, 
1761, 1708, 1404, 1350, 1307, 1252, 1191, 1082, 839, 781 cm–1; HRMS (Multimode-ESI/APCI) 
calc’d for C21H39ClNO6Si2 [M–C2H4+H]+ 492.1999, found 492.2002 (detected fragment has 
undergone elimination of ethylene from the Teoc protecting group). 
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Preparation of chlorotetrahydrooxepine 22. 
A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with [Rh(1,5-
cyclooctadiene)Cl]2 (26.1 mg, 0.053 mmol, 5 mol %) and tris(4-fluorophenyl)phosphine (201 
mg, 0.636 mmol, 60 mol %). An atmosphere of N2 was established by evacuation/backfilling (3 
cycles) and a solution of chlorohydrin 21 (553 mg, 1.06 mmol) in dry DMF (10.6 mL, including 
two rinses to ensure quantitative transfer) was added via syringe. The resulting yellow solution 
was degassed using the freeze-pump-thaw technique. The vessel was sealed and the solution 
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frozen by submersion in a bath of liquid N2. The vessel was then placed under vacuum for ca. 
five minutes before once again being sealed and allowed to thaw under static vacuum by removal 
from the liquid N2 bath. This procedure was repeated twice before the head-space was finally 
backfilled with N2, the vessel sealed, and the solution heated to 85 °C with stirring. After 26 h, 
the reaction mixture was cooled to rt, diluted with 50 mL sat. aq. NaHCO3 solution, and 
extracted with EtOAc (3 x 50 mL). The combined organic layers were washed with water (2 x 50 
mL) followed by brine (50 mL), dried over Na2SO4, filtered, and concentrated in vacuo to 
provide the crude product, which was purified by silica gel flash chromatography (gradient 
elution, 24:1?12:1 hexanes–EtOAc) to afford chlorotetrahydrooxepine 22 (483 mg, 88% yield) 
as a pale yellow oil. [?] D
25.0 = +91.9° (c = 1.14, CHCl3); 1H NMR (400 MHz, CD3CN, 60 °C) ? 
6.23 (dd, J = 7.5, 1.1 Hz, 1H), 4.66 (dd, J = 7.5, 3.7 Hz, 1H), 4.60 (d, J = 13.2 Hz, 1H), 4.57 – 
4.49 (m, 2H), 4.41 (dd, J = 7.8, 1.0 Hz, 1H), 4.26 – 4.07 (m, 5H), 2.57 (ddd, J = 14.3, 7.6, 1.0 
Hz, 1H), 2.49 (dd, J = 14.5, 10.0 Hz, 1H), 1.26 (t, J = 7.1 Hz, 3H), 1.04 – 0.97 (m, 2H), 0.92 (s, 
9H), 0.14 (s, 3H), 0.12 (s, 3H), 0.05 (s, 9H); 13C NMR (101 MHz, CD3CN, 60 °C; compound 
exists as a mixture of rotamers) ? 172.7, 157.3, 146.9, 109.4 (br), 77.9, 76.8 (br), 74.8, 70.0, 
65.1, 62.2, 60.5, 41.5 (br), 26.6, 18.9, 18.8, 14.8, –1.1, –4.1, –4.3; IR (NaCl/thin film): 2954, 
2929, 2896, 2856, 1757, 1707, 1647, 1406, 1352, 1336, 1313, 1251, 1192, 1131, 1037, 863, 837, 
777 cm–1; HRMS (Multimode-ESI/APCI) calc’d for C15H23ClNO5Si [M–C2H4–C6H15OSi]+ 
360.1029, found 360.1030 (detected fragment has undergone elimination of ethylene from the 
Teoc protecting group, as well as loss of tert-butyldimethylsilanolate anion). 
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Preparation of dihydrooxepine 9. 
An oven-dried Schlenk tube was charged with a magnetic stir bar and dry LiCl (149 mg, 3.52 
mmol), and its contents were flame-dried under vacuum. The headspace was then backfilled with 
N2, and Li2CO3 (519 mg, 7.03 mmol) was quickly added to the vessel. The tube was then 
evacuated and backfilled with N2, and this procedure was repeated twice to establish an inert 
atmosphere. Finally, chlorotetrahydrooxepine 22 (30.5 mg, 58.6 µmol) was added as a solution 
in DMF (rinsing twice for a total volume of 2.3 mL), and the mixture was heated to 100 °C with 
vigorous stirring. After 75 h, the reaction mixture was cooled to room temperature and filtered 
through celite, rinsing the vessel and filter pad with EtOAc, followed by excess Et2O. The 
resulting off-white suspension was again filtered through celite and concentrated in vacuo. This 
material was purified by preparative HPLC (normal phase, isochratic elution, 6% EtOAc in 
hexanes) to afford dihydrooxepine 9 (14.9 mg, 53% yield) and olefin isomer S-7 (4.0 mg, 14% 
yield) as colorless oils. 
 
Dihydrooxepine 9. 
[?] D
25.0 = –70.5° (c = 0.94, CHCl3); 1H NMR (400 MHz, CDCl3, 50 °C) ? 6.37 (ddd, J = 2.5, 2.5, 
1.1 Hz, 1H), 6.11 (dd, J = 8.2, 2.2 Hz, 1H), 4.81 – 4.68 (m, 2H), 4.62 (br d, J = 7.6 Hz, 1H), 4.42 
(ddd, J = 7.5, 2.1, 2.1 Hz, 1H), 4.34 – 4.02 (m, 4H), 2.92 (dddd, J = 15.1, 9.8, 2.1, 2.1 Hz, 1H), 
2.59 (dddd, J = 15.1, 1.6, 1.6, 1.6 Hz, 1H), 1.27 (t, J = 7.1 Hz, 3H), 1.06 – 0.98 (m, 2H), 0.91 (s, 
9H), 0.11 (s, 3H), 0.06 (s, 3H), 0.03 (s, 9H); 13C NMR (101 MHz, CDCl3, 50 °C) ? 172.1, 156.3 
(br), 138.0, 135.8, 114.4 (br), 111.6, 71.6, 63.9, 63.7, 61.0, 58.5, 33.9 (br), 25.9, 18.0, 17.9, 14.2, 
–1.5, –4.7, –5.2; IR (NaCl/thin film): 2954, 2928, 2897, 2855, 1750, 1723, 1699, 1687, 1652, 
1407, 1330, 1250, 1180, 1142, 1098, 1031, 860, 837, 778 cm–1; HRMS (Multimode-ESI/APCI) 
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calc’d for C15H22NO5Si [M–C2H4–C6H15OSi]+ 324.1262, found 324.1267 (detected fragment has 
undergone elimination of ethylene from the Teoc protecting group, as well as loss of tert-
butyldimethylsilanolate anion). 
 
Olefin isomer S-7. 
[?] D
25.0 = +121.9° (c = 1.02, CHCl3); 1H NMR (400 MHz, CD3CN; 60 °C) ? 6.16 (d, J = 7.2, 1.2 
Hz, 1H), 5.86 (br s, 1H), 5.08 (q, J = 1.6 Hz, 1H), 4.80 (dd, J = 7.6, 4.4 Hz, 1H), 4.66 (dt, J = 
5.6, 1.6 Hz, 1H), 4.52 (d, J = 12.4 Hz, 1H), 4.44 – 4.38 (m, 2H), 4.28 – 4.18 (m, 4H), 1.25 (t, J = 
7.2 Hz, 3H), 1.01 (t, J = 8.4 Hz, 2H), 0.93 (s, 9H), 0.12 (s, 3H), 0.11 (s, 3H), 0.05 (s, 9H); 13C 
NMR (101 MHz, CD3CN, 60 °C) ? 171.1, 146.2, 141.8, 125.9, 113.2, 73.8, 72.9, 69.0, 66.8, 
64.7, 62.4, 26.7, 19.0, 18.9, 14.9, –1.1, –4.0, –4.2; IR (NaCl/thin film): 2953, 2928, 2893, 2854, 
1755, 1703, 1639, 1404, 1348, 1328, 1251, 1189, 1128, 1103, 1058, 1027, 861, 836, 777 cm–1; 
HRMS (Multimode-ESI/APCI) calc’d for C15H22NO5Si [M–C2H4–C6H15OSi]+ 324.1262, found 
324.1264 (detected fragment has undergone elimination of ethylene from the Teoc protecting 
group, as well as loss of tert-butyldimethylsilanolate anion). 
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Preparation of carboxylic acid 24. 
To a solution of ethyl ester 9 (47.3 mg, 97.8 µmol) in DCE (1.0 mL) was added trimethyltin 
hydroxide (177 mg, 0.978 mmol), and the resulting solution was heated 80 °C with stirring. After 
30 h, the reaction mixture was cooled to room temperature and diluted with Na2HPO4/KHSO4 
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buffer (pH = 2.5, prepared from a 10% w/v aq. Na2HPO4 solution by acidification with KHSO4), 
then extracted with EtOAc (5x). The combined organic layers were washed with H2O followed 
by brine, then dried over Na2SO4, filtered, and concentrated in vacuo to provide the crude 
product, which was purified by silica gel flash chromatography (gradient elution, 40:1?20:1 
CH2Cl2–MeOH) to afford carboxylic acid 24 (40.3 mg, 90% yield) as a white foam. [?] D
25.0 = –
68.6° (c = 0.890, CHCl3); 1H NMR (400 MHz, CDCl3, 50 °C) ? 6.43 (ddd, J = 2.1, 2.1, 2.1 Hz, 
1H), 6.14 (dd, J = 8.2, 2.2 Hz, 1H), 4.72 – 4.67 (m, 2H), 4.64 (dddd, J = 7.8, 1.8, 1.8, 1.8 Hz, 
1H), 4.42 – 4.31 (m, 1H), 4.20 – 4.10 (m, 2H), 3.03 (d, J = 16.0 Hz, 1H), 2.91 (dddd, J = 15.5, 
9.6, 1.7, 1.7 Hz, 1H), 1.13 – 1.01 (m, 2H), 0.91 (s, 9H), 0.09 (s, 3H), 0.05 (s, 9H), 0.04 (s, 3H); 
13C NMR (101 MHz, CDCl3, 50 °C) ? 174.7 (br), 157.5 (br), 138.5, 136.4, 114.6 (br), 111.1, 
71.4, 64.8, 63.9, 58.6, 31.9 (br), 25.9, 18.0, 17.9, –1.5, –4.8, –5.1; IR (NaCl/thin film): 3088, 
2954, 2928, 2897, 2855, 1750, 1722, 1684, 1652, 1418, 1336, 1250, 1180, 1142, 1101, 859, 837, 
777 cm–1; HRMS (Multimode-ESI/APCI) calc’d for C13H18NO5Si [M–C2H4–C6H15OSi]+ 
296.0949, found 296.0958 (detected fragment has undergone elimination of ethylene from the 
Teoc protecting group, as well as loss of tert-butyldimethylsilanolate anion). 
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Preparation of amine S-8. 
To a stirred solution of trimethylsilyl carbamate 22 (677 mg, 1.30 mmol) in THF (26 mL) at 0 °C 
was added a solution of TBAF (1.0 M in THF, 5.2 mL, 5.20 mmol). After 2.5 h, the solution was 
diluted with sat. aq. Na2SO4 solution (125 mL) and H2O (250 mL) and extracted with EtOAc (4 
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x 125 mL). The combined organic layers were washed with sat. aq. Na2SO4 solution (250 mL), 
H2O (2 x 250 mL), and brine (250 mL), then dried over Na2SO4, filtered, and concentrated in 
vacuo to provide the crude product, which was purified by silica gel flash chromatography 
(isocratic elution, 6:1 hexanes–EtOAc) to afford pyrrolidine S-8 (412 mg, 84% yield) as a pale 
brown oil. [?] D
25.0 = +117.4° (c = 1.07, CHCl3); 1H NMR (500 MHz, CDCl3) ? 6.19 (dd, J = 7.5, 
0.7 Hz, 1H), 4.66 (d, J = 11.6 Hz, 1H), 4.54 (dd, J = 7.4, 5.1 Hz, 1H), 4.31 (ddd, J = 6.9, 5.2, 0.8 
Hz, 1H), 4.24 – 4.14 (m, 2H), 4.08 (d, J = 12.2 Hz, 2H), 3.74 (s, 1H), 2.42 (dd, J = 13.7, 5.9 Hz, 
2H), 2.30 (dd, J = 13.7, 10.8 Hz, 1H), 1.27 (t, J = 7.1 Hz, 3H), 0.90 (s, 9H), 0.09 (s, 3H), 0.08 (s, 
3H); 13C NMR (126 MHz, CDCl3) ? 172.4, 146.8, 105.5, 76.3, 74.5, 74.4, 68.5, 61.1, 58.1, 43.6, 
25.7, 18.0, 14.2, –4.6, –4.9; IR (NaCl/thin film): 2954, 2929, 2886, 2856, 1741, 1646, 1472, 
1286, 1252, 1192, 1138, 1088, 1057, 1035, 872, 838, 778 cm–1; HRMS (Multimode-ESI/APCI) 
calc’d for C17H31ClNO4Si [M+H]+ 376.1705, found 376.1728. 
 
LiCl, Li2CO3
DMF, 100 °C
(65% yield)
N
O
HTBSO
H
CO2Et
23
N
O
HTBSO
H
CO2Et
Cl
S-8  
Preparation of dihydrooxepine amine 23. 
An oven-dried Schlenk tube was charged with a magnetic stir bar and dry LiCl (454 mg, 10.7 
mmol), and its contents were flame-dried under vacuum. The headspace was then backfilled with 
N2, and Li2CO3 (1.58 g, 21.4 mmol) was quickly added to the vessel. The tube was then 
evacuated and backfilled with N2, and this procedure was repeated twice to establish an inert 
atmosphere. Finally, chlorotetrahydrooxepine S-8 (67.0 mg, 0.178 mmol) was added as a 
solution in DMF (rinsing twice for a total volume of 7.1 mL), and the mixture was heated to 100 
°C with vigorous stirring. After 48 h, the reaction mixture was cooled to room temperature and 
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filtered through celite, rinsing the vessel and filter pad with EtOAc, followed by excess Et2O. 
The resulting off-white suspension was again filtered through celite and concentrated in vacuo. 
Residual DMF was removed by distillation under high vacuum with gentle heating (water bath, 
40 °C) to give the crude product as a brown oil. This material was purified by silica gel flash 
chromatography (isocratic elution, 8:1 hexanes–EtOAc) to afford dihydrooxepine 23 (41.1 mg) 
as a pale brown oil. NOTE: This material was contaminated with ~5 wt% starting material, 
giving a corrected yield of 65%. Material of this purity was typically used without further 
purification; however, analytically pure samples could be obtained with further purification by 
silica gel flash chromatography (gradient elution, 0?5% EtOAc–CH2Cl2 with 0.5% Et3N).  
[?] D
25.0 = –28.2° (c = 1.30, CHCl3); 1H NMR (500 MHz, CDCl3) ? 6.33 (ddd, J = 2.1, 2.1, 2.1 Hz, 
1H), 6.09 (dd, J = 8.2, 2.3 Hz, 1H), 4.62 (dd, J = 8.2, 1.8 Hz, 1H), 4.20 – 4.13 (m, 3H), 3.86 (dd, 
J = 7.7, 5.8 Hz, 1H), 3.81 (dddd, J = 7.2, 2.0, 2.0, 2.0 Hz, 1H), 2.85 (dddd, J = 14.9, 7.7, 1.7, 1.7 
Hz, 1H), 2.64 (dddd, J = 14.9, 5.8, 1.9, 1.9 Hz, 1H), 2.74 – 2.49 (br s, 1H), 1.26 (t, J = 7.1 Hz, 
3H), 0.93 (s, 9H), 0.18 (s, 3H), 0.15 (s, 3H); 13C NMR (126 MHz, CDCl3) ? 173.9, 138.5, 135.0, 
115.7, 110.2, 71.7, 64.8, 60.8, 58.3, 33.8, 25.8, 18.1, 14.2, –4.5, –4.5; IR (NaCl/thin film): 3376, 
2955, 2929, 2886, 2856, 1737, 1688, 1651, 1472, 1463, 1368, 1295, 1279, 1252, 1203, 1175, 
1119, 1090, 1035, 1005, 882, 838, 778 cm–1; HRMS (Multimode-ESI/APCI) calc’d for 
C17H30NO4Si [M+H]+ 340.1939, found 340.1941. 
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Preparation of dipeptide 25. 
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To a stirred solution of amine 23 (59.2 mg, 0.174 mmol) and carboxylic acid 24 (73.9 mg, 0.162 
mmol) in CH2Cl2 (1.6 mL) was added triethylamine (226 µL, 1.62 mmol) followed by BOP-Cl 
(206 mg, 0.810 mmol). After 24 h, the reaction mixture was diluted with sat. aq. NaHCO3 
solution and extracted with EtOAc (5x). Each organic fraction was filtered individually through a 
plug of SiO2, which was then rinsed with excess EtOAc. The combined organic filtrates were 
concentrated in vacuo to provide the crude product, which was purified by silica gel flash 
chromatography (gradient elution, 16:1?4:1 hexanes–EtOAc) to afford dipeptide 25 (109.5 mg, 
87% yield) as a white foam. [?] D
25.0 = –46.8° (c = 1.86, CHCl3); 1H NMR (400 MHz, CDCl3, 50 
°C) ? 6.43 – 6.36 (m, 2H), 6.15 (dd, J = 8.2, 2.2 Hz, 1H), 6.12 (dd, J = 8.2, 2.2 Hz, 1H), 5.63 (s, 
1H), 5.34 (d, J = 8.2 Hz, 1H), 5.01 (d, J = 9.9 Hz, 1H), 4.80 (dd, J = 8.2, 2.1 Hz, 1H), 4.66 (dd, J 
= 8.2, 1.7 Hz, 1H), 4.60 (d, J = 7.3 Hz, 1H), 4.50 (apt dddd, J = 12.3, 7.9, 2.0, 2.0 Hz, 2H), 4.28 
– 4.01 (m, 4H), 2.97 – 2.87 (m, 1H), 2.87 – 2.77 (m, 1H), 2.76 – 2.68 (m, 1H), 2.67 – 2.58 (m, 
1H), 1.26 (t, J = 7.1 Hz, 3H), 1.01 (apt dd, J = 9.9, 8.1 Hz, 2H), 0.94 (s, 9H), 0.88 (s, 9H), 0.17 
(s, 3H), 0.09 (s, 3H), 0.04 (s, 3H), 0.02 (s, 9H), –0.08 (s, 3H); 13C NMR (101 MHz, CDCl3, 50 
°C) ? 172.8, 171.7, 156.5, 138.3, 138.0, 136.0, 134.6, 116.1, 115.4, 111.1, 110.7, 71.4, 70.7, 
64.6, 64.1, 63.3, 61.2, 57.1, 55.7, 34.5, 32.6, 26.3, 25.8, 18.3, 18.0, 18.0, 14.2, –1.6, –3.3, –4.7, –
5.2, –5.8; IR (NaCl/thin film): 2954, 2929, 2896, 2856, 1746, 1718, 1685, 1653, 1430, 1331, 
1302, 1251, 1190, 1179, 1141, 1091, 865, 837, 780 cm–1; HRMS (Multimode-ESI/APCI) calc’d 
for C26H33N2O7Si [M–C6H16OSi–C6H15OSi]+ 513.2052, found 513.2051 (detected fragment has 
undergone elimination of tert-butyldimethylsilanol, as well as loss of tert-
butyldimethylsilanolate anion). 
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Preparation of diketopiperazine 26 (or tetraol 27). 
An oven-dried Schlenk tube was charged with a magnetic stir bar, TBAF(t-BuOH)434 (248 mg, 
0.445 mmol), and a solution of dipeptide 25 (57.6 mg, 74.1 µmol) in dry MeCN (1.5 mL). The 
resulting solution was degassed using the freeze-pump-thaw technique. The vessel was sealed 
and the solution frozen by submersion in a bath of liquid N2. The vessel was then placed under 
vacuum for ca. five minutes before once again being sealed and allowed to thaw under static 
vacuum by removal from the liquid N2 bath. This procedure was repeated three times before the 
head-space was finally backfilled with N2, the vessel sealed, and the solution heated to 70 °C 
with stirring. After 2 h and 20 min, the reaction mixture was cooled to rt, was diluted with sat. 
aq. Na2SO4 solution, and extracted with EtOAc (5x). Each organic fraction was passed 
individually through a plug of SiO2, which was then rinsed with excess EtOAc. The combined 
organic filtrates were then concentrated in vacuo to provide the crude product, which was 
purified by silica gel flash chromatography (isocratic elution, 1% MeOH in 1:1 CH2Cl2–EtOAc) 
to afford diketopiperazine 26 (20.3 mg, 76% yield) as a white solid. Crystals suitable for X-ray 
diffraction were obtained by slow evaporation of a solution of diketopiperazine 26 in THF at 
ambient temperature. NOTE: It was observed that if this reaction was performed under an air 
atmosphere, tetraol 27 was formed. This oxidation process displays a great degree of apparent 
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diastereoselectivity, as no other diastereomers of the dihydroxylated product are observed in 
significant quantities. Tetraol 27 could be isolated as a white solid (27% yield) by preparative 
HPLC (reverse phase, gradient elution, 20?40% MeCN in H2O). Crystals suitable for X-ray 
diffraction were obtained as follows: the material was dissolved in a minimal amount of THF 
and diluted with CH2Cl2, then benzene and iso-octane were sequentially layered over the 
resulting solution and the phases were allowed to slowly diffuse at ambient temperature.  
 
Diketopiperazine 26. 
[?] D
25.0 = –624.5° (c = 1.01, CHCl3); mp 200–222 °C (dec); 1H NMR (500 MHz, CDCl3) ? 6.53 
(ddd, J = 2.6, 2.6, 1.0 Hz, 1H), 6.18 (dd, J = 8.2, 2.3 Hz, 1H), 5.07 (s, 1H), 4.91 (dddd, J = 7.9, 
1.7, 1.7, 1.7 Hz, 1H), 4.87 (dd, J = 8.2, 1.9 Hz, 1H), 4.50 – 4.44 (m, 1H), 4.35 (ddd, J = 7.9, 2.1 
Hz, 1H), 3.01 (dddd, J = 14.9, 6.9, 1.2, 1.2 Hz, 1H), 2.84 (dddd, J = 15.1, 11.2, 2.2, 2.2 Hz, 1H); 
13C NMR (126 MHz, CDCl3) ? 167.1, 138.3, 137.8, 110.3, 109.6, 71.0, 64.1, 57.8, 33.9; IR 
(NaCl/thin film): 3244, 3164, 2923, 2895, 2848, 1675, 1638, 1623, 1438, 1284, 1187, 1131, 
1046, 749 cm–1; HRMS (Multimode-ESI/APCI) calc’d for C18H17N2O6 [M–H]– 357.1092, found 
357.1089. 
 
Tetraol 27. 
1H NMR (500 MHz, CD3CN) ? 6.54 (ddd, J = 2.6, 2.6, 0.9 Hz, 2H), 6.25 (dd, J = 8.3, 2.3 Hz, 
2H), 4.82 – 4.76 (m, 4H), 4.39 (ddd, J = 7.7, 2.2, 2.2 Hz, 2H), 2.95 (ddd, J = 15.4, 2.4, 2.4 Hz, 
2H), 2.78 (ddd, J = 15.4, 1.5, 1.0 Hz, 2H); 13C NMR (126 MHz, CD3CN) ? 167.9, 139.1, 138.2, 
111.2, 111.1, 87.8, 73.1, 65.0, 42.0; IR (NaCl/thin film): 3583, 3300, 2916, 2848, 1653, 1647, 
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1420, 1320, 1197, 1148, 1063, 1014 cm–1; HRMS (Multimode-ESI/APCI) calc’d for C18H17N2O8 
[M–H]– 389.0990, found 389.0960. 
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Oxidation of diketopiperazine 26 to tetraol 27. 
Diketopiperazine 26 (2.0 mg, 5.6 µmol) and mesitylene (~1 µL) were dissolved in CD3CN (600 
µL) and transferred to an NMR tube. An initial 1H NMR spectrum was acquired in order to 
determine the exact ratio of starting material to internal standard. The solution was then 
transferred to a 1-dram vial equipped with a stir bar, and TBAF(t-BuOH)4 (43 mg, 77 µmol) was 
added. The vial (open to ambient air until now) was sealed with a Teflon screw cap and was then 
heated to 70 °C with vigorous stirring. After 4 h, the orange-brown solution was cooled to room 
temperature and transferred to an NMR tube. A final 1H NMR spectrum was acquired, and it was 
determined that tetraol 27 had been formed in 50% yield (based on the mesitylene internal 
standard) and was the predominant dihydrooxepine-containing species.  
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Preparation of epitetrathiodiketopiperazine 28. 
To a stirred suspension of S8 (22.4 mg, 87.3 µmol) in THF (5.8 mL) under a N2 atmosphere was 
added a solution of NaHMDS in PhMe (0.6 M, 437 µL, 0.262 mmol) over two minutes. The S8 
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solids dissolved over the course of the addition, giving initially a dark green solution that 
evolved to an orange-brown color towards the end of the addition. While this solution was 
allowed to stir for an additional one minute, a solution of NaHMDS in PhMe (0.6 M, 145 µL, 
87.3 µmol) was added to a stirred solution of diketopiperazine 26 (3.13 mg, 8.73 µmol) in THF 
(1.0 mL) under a N2 atmosphere. The resulting pale brown solution was then added dropwise via 
syringe to the previously described solution of reagents over one minute, rinsing once with THF 
(0.25 mL) (rinsings transferred over an additional one minute) to give a slightly opaque yellow-
orange solution. After an additional one minute, a solution of NaHMDS in PhMe (0.6 M, 292 
µL, 0.175 mmol) was added dropwise to the reaction mixture. After 50 min, the reaction was 
quenched with sat. aq. NaHCO3 solution and extracted with EtOAc. The combined organic 
layers were dried over Na2SO4, filtered, and concentrated in vacuo to provide the crude product, 
which was purified by silica gel flash chromatography (gradient elution, 3:1?3:2 hexanes–
EtOAc) to afford epitetrathiodiketopiperazine 28 (1.67 mg, 40% yield) as a yellow solid. 
Crystals suitable for X-ray diffraction were obtained as follows: iso-octane was carefully layered 
over a solution of epitetrathiodiketopiperazine 28 in CHCl3 and the resulting phases were 
allowed to slowly diffuse at ambient temperature. [?] D
25.0 = –548.9° (c = 0.135, CHCl3); mp 148–
165 °C (dec); 1H NMR (500 MHz, CDCl3) ? 6.54 (dd, J = 2.5 Hz, 1H), 6.21 (dd, J = 8.2, 2.3 Hz, 
1H), 5.02 (d, J = 7.6 Hz, 2H), 4.92 (dd, J = 8.1, 1.9 Hz, 1H), 4.73 (s, 1H), 4.49 – 4.43 (m, 1H), 
3.29 (ddd, J = 16.0, 2.2 Hz, 1H), 3.03 (d, J = 16.1 Hz, 2H); 13C NMR (126 MHz, CDCl3) ? 
169.5, 138.9, 138.0, 110.4, 106.4, 74.5, 71.4, 65.4, 41.1; IR (NaCl/thin film): 3369, 2919, 2849, 
1689, 1662, 1391, 1337, 1193, 1133, 1082, 1046, 748 cm–1; HRMS (Multimode-ESI/APCI) 
calc’d for C18H16ClN2O6S4 [M+Cl]– 518.9585, found 518.9614. 
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Preparation of diacetate S-9. 
To a stirred solution of diol 28 (3.11 mg, 6.43 µmol) and DMAP (20 mg, 0.16 mmol) in CH2Cl2 
(0.64 mL) at 0 °C was added acetyl chloride (6.9 µL, 97 µmol). After 10 min, the ice bath was 
removed and the reaction mixture was allowed to warm to room temperature. After an additional 
30 min, the reaction mixture was quenched with H2O and extracted five times with a mixture of 
hexanes and EtOAc (1:1). Each organic fraction was passed individually through a plug of SiO2, 
which was subsequently rinsed with excess hexanes/EtOAc. The combined filtrates were 
concentrated in vacuo to provide the crude product, which was purified by silica gel flash 
chromatography (gradient elution, 3:1?3:2 hexanes–EtOAc) to afford diacetate S-9 (2.57 mg, 
70% yield) as a yellow solid. [?] D
25.0 = –476.6° (c = 0.1285, CHCl3); 1H NMR (500 MHz, CDCl3) 
? 6.57 (ddd, J = 2.5, 2.5, 0.9 Hz, 1H), 6.27 (dd, J = 8.2, 2.4 Hz, 1H), 5.30 (ddd, J = 8.5, 2.6, 1.4 
Hz, 1H), 5.20 (ddd, J = 8.4, 2.2, 2.2 Hz, 1H), 4.70 (dd, J = 8.2, 1.9 Hz, 1H), 3.36 (ddd, J = 16.4, 
2.2, 2.2 Hz, 1H), 3.07 (ddd, J = 16.3, 1.2, 1.2 Hz, 1H), 2.18 (s, 3H); 13C NMR (126 MHz, 
CDCl3) ? 170.4, 165.7, 139.7, 138.7, 108.0, 106.0, 75.7, 71.1, 60.8, 41.7, 21.5; IR (NaCl/thin 
film): 2917, 2849, 1739, 1695, 1370, 1237, 1136 cm–1; HRMS (Multimode-ESI/APCI) calc’d for 
C20H17N2O6S4 [M–C2H3O2]+ 508.9964, found 508.9961 (detected fragment has undergone loss 
of acetate anion). 
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Preparation of acetylaranotin (1). 
A solution of tetrasulfide S-9 (2.40 mg, 4.22 µmol) in CH2Cl2 (0.5 mL) was diluted with MeCN 
(12 mL), then treated with a solution of Et3N in MeCN (0.2 µL, 1.4 µmol in 50 µL of MeCN), 
followed by propanedithiol (42 µL, 0.42 mmol). The resulting mixture was allowed to stand for 
20 min, and was then washed with hexanes (5 x 8 mL, the final hexanes wash was back-
extracted once with MeCN to ensure material recovery), and concentrated in vacuo. The 
resulting residue was dissolved in CH2Cl2/PhMe and loaded onto a short plug of SiO2. Residual 
propanedithiol and other nonpolar impurities were eluted with 4:1 hexanes–EtOAc before the 
presumed dithiol intermediate was eluted with 100% EtOAc. The EtOAc fractions (~25 mL 
total) were combined and diluted with EtOAc (10 mL) and MeOH (70 mL), and the resulting 
solution was sparged with O2 for 15 min, then allowed to stand under an O2 atmosphere for ~6 h. 
The solution was then concentrated in vacuo, and purified by preparative HPLC (normal phase, 
isocratic elution, 33% EtOAc in hexanes) to afford acetylaranotin (1) (0.96 mg, 45% yield) as a 
white solid. [?] D
25.0 = –401.5° (c = 0.048, CHCl3); 1H NMR (400 MHz, CDCl3) ? 6.61 (ddd, J = 
2.1, 2.1, 2.1 Hz, 2H), 6.30 (dd, J = 8.2, 2.2 Hz, 2H), 5.67 (ddd, J = 8.5, 2.0, 2.0 Hz, 2H), 5.10 
(dddd, J = 8.4, 1.7, 1.7, 1.7 Hz, 2H), 4.60 (dd, J = 8.2, 1.8 Hz, 2H), 4.10 (ddd, J = 18.2, 2.3, 1.3 
Hz, 2H), 2.98 (ddd, J = 18.2, 1.7, 1.7 Hz, 2H), 2.02 (s, 6H); 1H NMR (500 MHz, DMSO-d6) ? 
6.82 (ddd, J = 2.1, 2.1, 2.1 Hz, 2H), 6.45 (dd, J = 8.2, 2.2 Hz, 2H), 5.42 (ddd, J = 8.5, 2.0, 2.0 
Hz, 2H), 5.02 (dddd, J = 8.5, 1.9, 1.4, 1.4 Hz, 2H), 4.60 (dd, J = 8.0, 1.8 Hz, 2H), 3.85 (ddd, J = 
18.3, 2.5, 1.3 Hz, 2H), 3.23 (ddd, J = 18.3, 1.6, 1.6 Hz, 2H), 1.90 (s, 6H); 13C NMR (126 MHz, 
DMSO-d6) ? 169.7, 162.3, 141.6, 139.2, 114.0, 105.4, 76.4, 70.0, 62.9, 34.1, 21.2; IR (NaCl/thin 
film): 2917, 2849, 1739, 1709, 1652, 1356, 1231, 1141, 1040 cm–1; HRMS (Multimode-
S40 
ESI/APCI) calc’d for C20H17N2O6S2 [M–C2H3O2]+ 445.0523, found 445.0522 (detected fragment 
has undergone loss of acetate anion). 
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Comparison of spectroscopic data for natural and synthetic acetylaranotin. 
1H NMR Data (CDCl3, data for synthetic material referenced to CHCl3 at 7.26 ppm)a 
Reported 
(?)35 
Reported (?) Synthetic 
3.37 6.63 (ddd, J = 2.3, 2.2, 1.4 Hz, 2H) 6.61 (ddd, J = 2.1, 2.1, 2.1 Hz, 2H) 
3.68 6.32 (dd, J = 7.5, 2.1 Hz, 2H) 6.30 (dd, J = 8.2, 2.2 Hz, 2H) 
4.32 5.68 (ddd, J = 8.7, 2.1, 1.5 Hz, 2H) 5.67 (ddd, J = 8.5, 2.0, 2.0 Hz, 2H) 
4.91 5.09 (dddd, J = 8.7, 2.3, 1.4, 1.3 Hz, 2H) 5.10 (dddd, J = 8.4, 1.7, 1.7, 1.7 Hz, 2H) 
5.37 4.63 (dd, J = 7.5, 1.5 Hz, 2H) 4.60 (dd, J = 8.2, 2.2 Hz, 2H) 
5.88 4.12 (ddd, J = 18.0, 2.2, 1.3 Hz, 2H) 4.10 (ddd, J = 18.2, 2.3, 1.3 Hz, 2H) 
7.03b 2.97 (ddd, J = 18.0, 1.4, 1.4 Hz, 2H) 2.98 (ddd, J = 18.2, 1.7, 1.7 Hz, 2H) 
– c – c 2.02 (s, 6H) 
aReported data was referenced to TMS as an internal standard. 
bReported value is 7.30 ppm, but this is assumed to be a typographical error based on the plot of the spectrum. 
cValue not tabulated. 
 
1H NMR Data (DMSO-d6, data for synthetic material referenced to DMSO at 2.50 ppm)a 
Reported36 Synthetic 
6.82 (ddd, J = 2.5, 2.0, 1.5 Hz, 2H) 6.82 (ddd, J = 2.1, 2.1, 2.1 Hz, 2H) 
6.45 (dd, J = 8.0, 2.5 Hz, 2H) 6.45 (dd, J = 8.2, 2.2 Hz, 2H) 
5.42 (ddd, J = 8.5, 2.5, 2.0 Hz, 2H) 5.42 (ddd, J = 8.5, 2.0, 2.0 Hz, 2H) 
5.01 (br ddt, J = 8.5, 2.0, 1.5 Hz, 2H) 5.02 (dddd, J = 8.5, 1.9, 1.4, 1.4 Hz, 2H) 
4.59 (dd, J = 8.0, 2.0 Hz, 2H) 4.60 (dd, J = 8.0, 1.8 Hz, 2H) 
S42 
3.84 (br ddd, J = 18.0, 2.5, 1.5 Hz, 2H) 3.85 (ddd, J = 18.3, 2.5, 1.3 Hz, 2H) 
3.22 (br ddd, J = 18.0, 1.5, 1.5 Hz, 2H) 3.23 (ddd, J = 18.3, 1.6, 1.6 Hz, 2H) 
1.90 (s, 6H) 1.90 (s, 6H) 
aReference value not provided for previously reported data. 
 
13C NMR Data (DMSO-d6, data for synthetic material referenced to DMSO-d6 at 40.0 ppm)a 
Reported36  Synthetic 
169.7 169.7 
162.3 162.3 
141.6 141.6 
139.2 139.2 
114.0 114.0 
105.4 105.4 
76.4 76.4 
69.9 70.0 
62.9 62.9 
34.1 34.1 
21.2 21.2 
aReference value not provided for previously reported data. 
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Spectral Comparison for Acetylaranotin 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
JAC7-301 DMSO indy
 Sample Name:
   JAC7-301
 Data Collected on:
   indy.caltech.edu-inova500
 Archive directory:
   /home/jcodelli/vnmrsys/data
 Sample directory:
   JAC7-301
 FidFile: PROTON01
Pulse Sequence: PROTON (s2pul)
Solvent: dmso
Data collected on: Aug  6 2011
Sample #7, Operator: jcodelli
 Relax. delay 5.000 sec
 Pulse 45.0 degrees
 Acq. time 2.500 sec
 Width 8000.0 Hz
 40 repetitions
OBSERVE   H1, 499.7248788 MHz
DATA PROCESSING
 Line broadening 0.2 Hz
FT size 65536
Total time 8 min 1 sec
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Plotname: --Not assigned--  
Acetylaranotin (natural) 
Spectrum reproduced from:  
Choi, E. J. et al. J. Appl. Microbiol. 2011, 110, 304-313. 
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HPLC Chromatograms 
Methyl carbamate S-1 (racemic) 
 
 
 
Methyl carbamate S-1 (96% ee) 
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Methyl ester S-4 (racemic)  
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